Several publications have been presented during recent years describing the application of various scanning devices for automatic counting or differentiation of cells stained with fluorochromes (Mellors and Silver, 1951; Mellors, Glassman, and Papanicolaou, 1952; and Loeser and Berkley, 1954) . Most of these publications describe studies performed on cells obtained from tissue sections or on cancer cells derived from the secretions of certain anatomic sites. To the best knowledge of the authors, no mention is made in the literature of the application of electronic scanning techniques to the quantitative detection of bacteria.
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The purpose of this paper is to describe a technique for the quantitative estimation of bacterial populations. The method is based on the electronic quantitation of fluorescence emitted from bacterial cells stained with a suitable fluorochrome.
EXPERIMENTAL METHODS Materials and staining technique. Pure cultures of
Bacillus subtilis morphotype globigii, Escherichia coli, Serratia marcescens, and Mycobacterium phlei in nutrient broth were used in the experiments. The strains were incubated at optimum temperatures for 48 hours, with the exception of M. phlei which was incubated for 7 days to allow full development of its acid-fast characteristics.
The bacterial suspension to be counted was drawn into a Breed-Brew pipette to the 0.01-ml mark and spread over an area of 1 cm2 on a new microscopic slide. The slide was not thicker than 1.3 mm. A Breed microscopic guide plate was employed for uniform distribution of the sample. After air drying, the bacterial smears were stained with the fluorochrome coriphosphine in a staining dish for at least 60 sec. The slides were then rinsed with tap or distilled water and dried with bibulous paper.
The stock solution of the fluorochrome was prepared by dissolving 1.0 g of coriphosphine2 in 100 ml of 95 per cent ethyl alcohol. The solution was allowed to stand at room temperature for at least 24 hours prior to further dilution. The stock solution was kept for as long as 6 months in a dark, tightly closed container without loss of effectiveness as a stain for microor-I This project was performed under contract of the Chemical Corps, Department of the Army.
ganisms. For the final staining solution, 1 ml of the' stock solution was diluted with 97 ml of distilled water to which had been added 2 ml of liquefied phenol.
Instrumentation. The fluorescence microscope including the photometric system employed for the measurement of the intensity of fluorescence emitted from bacteria is illustrated in figure 1 and consists of the following components:
1. An illumination source, Type AH-4, 100-watt mercury vapor lamp3 operated from a ballast, Type 89-G-1423 and mounted in the housing of a conventional microscopic lamp. Method. A bacterial smear stained with the fluorochrome coriphosphine was placed under the microscope so that the objective of the microscope was located over the extreme right section of the slide. The setting of the mechanical stage of the microscope was noted, and the intensity of fluorescence was recorded on the amplifier; the slide was moved 1.3 mm to the right, and the intensity of fluorescence was recorded again;. the procedure was repeated until the entire length of the slide was screened. A lOX objective and a lOX ocular were used for these measurements. The slide was returned to its original position on the mechanical stage, and the photomultiplier tube housing was replaced by a lOX ocular with the rectangular aperture stop mounted inside. The microscopic counts of the bacteria were made with 43X and 97X objectives.
When the 43X objective was used, bacteria in four microscopic fields were counted, whereas with the 97X oil immersion objective bacteria in nine fields were counted. This is illustrated in the following example:
The intensity of fluorescence was recorded at the 10.0-mm position of the mechanical stage of the microscope; with the 43X objective bacteria counts were made at the 9.4-, 9.7-, 10.0-, and 10.4-mm positions of the stage, and with the 97X objective the counts were made at 9.6-, 9.7-, 9.8-, 9.9-, 10.0-, 10.1-, 10.2-, 10.3-, and 10-4-mm positions.
After the intensity of fluorescence was measured and the bacteria were counted, the averages of these counts were multiplied by factors relating the area rendered by high magnification fields (43 or 97X objectives) to that of the field observed with the low power magnification. The resulting data was recorded as the number of bacteria corresponding to the intensity of fluorescence. For the 43X objective a factor of 22.4 was employed, while for the 97X objective the factor was 120.
To compensate for procedural variations (for example, variations in the thickness and cleanliness of the microscopic slides, in the age of the fluorochrome, and so forth), the data of the intensity of fluorescence were converted into corrected intensity of fluorescence (CIF), which expresses the net intensity of fluorescence emitted from the bacteria. To calculate the CIF, the average value of the intensity of fluorescence for "blank" or bacteria-free areas was subtracted from the intensity of fluorescence recorded for microscopic fields in which the bacteria were present. Figure 2 illustrates the relationship between the CIF emitted from B. globiaii and the direct microscopic counts of these bacteria. The figure represents Figure 3 illustrates the linearity of response and the slope of the straight lines obtained with the various types of microorganisms. In order to obtain these straight lines, it was assumed that a relationship exists between the intensity of fluorescence and the concentration of bacteria and that this relationship is linear, that is, the intensity of fluorescence increases directly with the concentration. A number of additional tests were performed to substantiate the linear representation of the phenomenon under study. These included a calculation of correlation coefficients for all four types of bacteria and of confidence limits for the coefficients. The results of these tests are not reported here as they are of no particular interest other than that they support the hypothesis of linearity. Table 1 represents the average values and standard deviations of CIF for B. globigii and E. coli. In this table the bacteria were compiled in number groups of 500 organisms per microscopic field.
RESULTS AND DIscussIoN
As shown in figure 3 and table 1, the intensity of fluorescence, the concentration of bacteria, and the size or area of the organisms are interrelated. This relationship is particularly pronounced when the data for B. globigii and E. coli are compared.
It can also be noted in given concentration of bacteria. This, in turn, introduces a serious error in the interpretation of the results. As mentioned previously, several factors were found to influence the readings of the intensity of fluorescence emitted from bacteria; however, the main factor is probably the variation in the fluorescence of the blanks. It was observed during the experiments that some of the slides fluoresce more brilliantly than others, cause an increase in the fluorescence intensity of the blanks, and simultaneously decrease the intensity of fluorescence emitted from the bacteria. Indeed, considerable improvement in the uniformity of the results was achieved when a water-repellent material was substituted for the conventional microscopic slides. This material was amber-colored rigid vinylite. Sheets of vinylite, 0.01 inch thick, were cut into strips of suitable size and used in place of the standard microscopic slides. The amber color acted as a filter preventing the passage of ultraviolet light while permitting the orange fluorescence to pass through. Consequently, when the strips were used the surface containing the microorganisms was directed toward the condenser of the microscope instead of toward the objective. The use of the rigid vinylite slides enabled an even closer correlation between the CIF and the direct microscopic counts of bacteria (table 2) Received for publication March 3, 1955 The introduction of antibiotics into foods has been suggested as a means of effecting preservation without altering natural characteristics. Anderson and Michener (1950) were successful in canning several vegetables by the complementary action of mild heat treatment and subtilin. It was later shown that although subtilin has no sporostatic action, it is very effective against vegetative cells of Bacillus stearothermophilus (Michener, 1953) . In an investigation on the effect of subtilin on Clostridium botulinum and a putrefactive anaerobe ATCC 3679, it was found that the thermal resistance of spores of these organisms was markedly diminished in the presence of this antibiotic (Le Blanc et al., 1953) . Godkin and Cathcart (1953) reported that the growth of food poisoning strains of Salmonella and enterococci as well as the natural heat-resistant flora of custard filling was inhibited by the complimentary action of subtilin and terramycin. Goldberg et al. (1953) , Goldberg (1952) and Weiser and Goldberg (1953) have shown in a series of papers that Aureomycin is particularly effective in preventing the spoilage of deep tissues of beef and that infusion of whole carcasses permitted storage at room temperature for several days without putrefaction. Aureomycin incorporated into ice has been used to preserve freshly caught fish (Boyd et al. 1953) . Streptomycin was found effective in preserving mother's milk (Bindewald, 1952) . However, Curran and Evans (1946a; 1946b) the activity of penicillin and streptomycin in relation to bacterial spores and the preservation of milk, found both of these compounds to be poor preservatives.
A comprehensive review of the literature dealing with the role of antibiotics in dairy products has been compiled by Claybaugh and Nelson (1951) and from this it is clearly indicated that the presence of antibiotics in milk markedly affects the growth and acid production of lactic acid starter cultures. However, the application of antibiotics for the control of lactic acid fermentations has received only limited attention. Before the practical application of this principle can be utilized, it is necessary to determine the influence of antibiotics upon the activity of both the desirable and undesirable microorganisms found in dairy products.
The purpose of this investigation was to establish the effectiveness of available antibiotics in suppressing the growth of bacteria found in milk.
EXPERIMENTAL METHODS Screening procedure. A screening technique was employed to determine which of the commercially available antibiotics were most active against representative organisms of the microflora of milk.
The organisms used, media employed, conditions of incubation followed, and antibiotics tested are listed in table 1. The various organisms were cultivated in the appropriate liquid media and the broth suspensions were streaked on the surface of plates of the same media followed by placing three Bacto-Sensitivity Disks (increasing concentrations of antibiotic) on the streaked surface. The plates were incubated as specified in table 1 for 24 hours or until growth occurred.
At the end of this period the zones of growth in-
